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UPGRADING ATM EMBEDDED NETWORKS TO CARRY IP SIGNALS 

Brad Medford 
Field of the Disclosure 

[0001] The present disclosure relates to methods and systems for upgrading a network to 
an Internet protocol (IP) network. 

BACKGROUND 

[0002] A standard used in asynchronous transfer mode (ATM)-based networks is G.983. 
The G.983 standard supports three wavelengths: a 1490nm downstream basic band, a 
1550nm downstream enhancement band, and a single 1310nm upstream signal. FIG. 1 
shows a standard G.983 optical transmission. The transmission is partitioned into symbol 
periods (as shown on the time axis) generated by a transmission system clock based on a 
data rate for communication. Each of the symbol periods represents either a binary "0" (a 
dim optical intensity) or a binary "1" (a bright optical intensity). 

[0003] Upgrading standard G.983. 1 -based networks to IP-based Passive Optical Network 
(PON) networks typically requires a complete replacement of the optical network 
terminations (ONTs) and the optical line terminal (OLT). Upgrades to the OLT can be 
feasibly planned. However, replacing all of the ONTs may require taking an entire 
multipoint network out of service. 

[0004] Accordingly, there is a need for an improved method and system of upgrading 
ATM networks to carry IP traffic. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The present invention is pointed out with particularity in the appended claims. 
However, other features are described in the following detailed description in conjunction 
with the accompanying drawings in which: 

[0006] FIG. 1 (prior art) shows a standard G.983 optical transmission; 

[0007] FIG. 2 is a block diagram of an embodiment of an ATM-based network which is 
upgraded to support IP; 

[0008] FIG. 3 is a flow chart of an embodiment of a method of communicating ATM and 
IP signals in an optical medium; 

[0009] FIG. 4 illustrates an example of how a combined ATM/IP signal contrasts with 
the original ATM signal shown in FIG. 1 ; and 

[0010] FIG. 5 is a constellation diagram of the combined ATM/IP signal of FIG. 4. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0011] Embodiments of the present invention address how an ATM-based network can 
be upgraded to support IP-based network communications. The ATM-based network 
may facilitate communication in accordance with either the G.983. 1 standard or an 
alternative standard. Beneficially, embodiments of the present invention enable 
embedded G.983. 1 broadband PON (BPON) networks to be upgraded with one or more 
IP-based ONTs with no special enhancements or previous design considerations. Since 
upgraded IP-based ONTs can coexist with non-upgraded ATM-based ONTs on the same 
network, the upgrades to the ONTs can be performed on an as-needed basis. 

[0012] Embodiments of the present invention are described with reference to FIG. 2, 
which is a block diagram of an embodiment of an ATM-based network which is 
upgraded to support IP, and FIG. 3, which is a flow chart of an embodiment of a method 
of communicating ATM and IP signals in an optical medium. The network in FIG. 2 
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comprises an OLT 20 at a central office. The OLT 20 provides access to one or more 
networks 22 by multiple user locations. For purposes of illustration and example, three 
user locations 24, 26 and 30 are depicted in FIG. 2 although in practice any number of 
user locations can served by the network. 

[0013] The user locations are coupled to the OLT 20 by a PON 34. The PON 34 
comprises a single optical link 36 between the OLT 20 and a passive optical 
splitter/combiner 40. The splitter/combiner 40 splits downstream optical signals 
transmitted from the OLT 20 via the optical link 36. The downstream optical signals are 
split to multiple optical links 42, 44 and 46 for communication to the multiple user 
locations 24, 26 and 30, respectively. The splitter/combiner 40 also acts to combine 
upstream optical signals transmitted from the multiple user locations 24, 26 and 30 via 
the multiple optical links 42, 44 and 46, respectively. The combined upstream signals are 
communicated via the optical link 36 to the OLT 20. 

[0014] Before being upgraded, each of the user locations has an ATM ONT coupled to 
its associated optical link of the PON 34. For example, the user location 24 has an ATM 
ONT 50 and the user location 26 has an ATM ONT 52. Each ATM ONT is used to 
receive a downstream ATM signal received via its optical link, and to extract an ATM 
stream specific to its user location based on the ATM signal. Further, each ATM ONT is 
used to transmit an upstream ATM signal to its optical link. 

[0015] A time division multiple access method (TDMA) enables the multiple user 
locations to communicate with the central office via the optical link 36. In particular, 
each ATM ONT transmits within its own assigned time slot to enable multiple upstream 
signals to be multiplexed onto the optical link 36. 

[0016] The OLT 20 communicates with the various ONTs 50 and 52 using an ATM 
protocol to form an overall ATM-based network. In one embodiment, the protocol is 
based on the G.983.1 standard although other standard and non-standard protocols are 
within the scope of this disclosure. 
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[0017] To upgrade the network to enable a downstream IP signal 56 to be communicated 
in addition to a downstream ATM signal 60, the central office is upgraded to include a 
phase modulator 62. As indicated by block 63 in FIG. 3, the phase modulator 62 
performs an act of modulating a phase of the ATM signal 60 based on the IP signal 56 to 
form a combined ATM/IP signal 64. In one embodiment, the phase of the ATM signal 
60 is modulated without exceeding a specified tolerance of a symbol period of the ATM 
signal. As a result, the combined ATM/IP signal 64 can be processed by the existing, 
non-upgraded ATM ONTs 50 and 52 in the network as if the downstream ATM signal 60 
were transmitted instead. Further, an IP stream can be extracted from the ATM/IP signal 
64 by an upgraded ONT 66. The upgraded ONT 66 comprises a phase demodulator 68 to 
phase demodulate the combined ATM/IP signal 64 to extract an IP stream 69. 

[0018] FIG. 4 illustrates an example of how a combined ATM/IP signal contrasts with 
the original ATM signal shown in FIG. 1. Each pulse in a symbol period of the ATM 
signal, such as a pulse 70, is time shifted based on the IP signal. The time shift, which 
may be either forward or backward in time, has a length that is limited so as not to exceed 
the specified tolerance of the symbol period. 

[0019] In the example of FIG. 4, the phase modulator 62 encodes two bits of the IP signal 
within each pulse of the ATM signal. As a result, four different time shifts 72, 74, 76 and 
80 can occur for each pulse 70 of the ATM signal. The time-shifted pulse 72 encodes a 
0-0 from the IP signal. The time-shifted pulse 74 encodes a 1-1 from the IP signal. The 
time-shifted pulse 76 encodes a 1-0 from the IP signal. The time-shifted pulse 80 
encodes a 0-1 from the IP signal. In alternative embodiments, the phase modulator 62 
can encode other numbers of bits of the IP signal within each pulse of the ATM signal 
based on the quality of the PON 34 or an alternative transport network. 

[0020] FIG. 5 is a constellation diagram of the combined ATM/IP signal of FIG. 4. 
States 82 and 82' represent the original ATM signal with no phase shift. States 84 and 
84' represent the original ATM signal with a first phase shift to represent 0-0 from the IP 
signal. States 86 and 86' represent the original ATM signal with a second phase shift to 
represent 1-1 from the IP signal. States 90 and 90' represent the original ATM signal 
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with a third phase shift to represent 1-0 from the IP signal. States 92 and 92' represent 
the original ATM signal with a fourth phase shift to represent 0-1 from the IP signal. 

[0021] Referring back to FIG. 3, the method comprises an act of communicating the 
combined ATM/IP signal 64 to multiple locations in the network, as indicated by block 
94. The combined ATM/IP signal 64 is communicated by the PON 34 from the OLT 20 
to the user locations 24, 26 and 30. 

[0022J As indicated by block 96, the method comprises an act of receiving the combined 
ATM/IP signal at one or more locations having a non-upgraded ONT. In the example of 
FIG. 2, the combined ATM/IP signal 64 is received by the non-upgraded ONTs 50 and 
52. As indicated by block 100, the method comprises each non-upgraded ONT extracting 
a corresponding ATM stream from the combined ATM/IP signal 64. In the example of 
FIG. 2, the ATM ONT 50 extracts an ATM stream 102 specific to the user location 24, 
and the ATM ONT 52 extracts an ATM stream 104 specific to the user location 26, based 
on the combined ATM/IP signal 64. 

[0023] As indicated by block 106, the method comprises an act of receiving the 
combined ATM/IP signal at one or more locations having an upgraded ONT. In the 
example of FIG. 2, the combined ATM/IP signal 64 is received by the upgraded ONT 66. 
As indicated by block 1 10, the method comprises each upgraded ONT phase 
demodulating the combined ATM/IP signal 64 to extract a specific IP stream. In the 
example of FIG. 2, the phase demodulator 68 of the ONT 66 phase demodulates the 
combined ATM/IP signal 64 to extract the IP stream 69. The phase demodulator 68 can 
decode multiple bits of the IP stream 69 per pulse in the combined ATM/IP signal 64. In 
the embodiment illustrated in FIGS. 4 and 5, the phase demodulator 68 is to decode two 
bits of the IP stream 69 per pulse in the combined ATM/IP signal 64. 

[0024] It is noted that the method of forming a combined ATM/IP signal can also be used 
at ONTs at the user locations to generate an upstream signal. The upstream signal is 
communicated via the PON 34 to the OLT 20. The OLT 20 includes a phase 
demodulator to phase demodulate the upstream signal to extract an IP stream from a 
combined ATM/IP signal. Thus, embodiments of the ATM/IP signal can be 
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communicated in the 1490nm downstream basic band and the 1310nm upstream band in 
a G.983-based network or another type of network. 

[0025] The number of different symbols, M, that can be effectively phase modulated 
within a pulse of the ATM signal depends on the quality of the transport network. For 
example, an introduction of noise can cause symbol errors when extracting the IP signal 
from a noisy version of the combined ATM/IP signal 64. With respect to noise immunity 
of extracting the IP signal, it is expected that the probability of a symbol error, P E (M), as 
a function of M can be expressed as follows: 



[0027] where Q() is the complementary error function associated with the Gaussian 
distribution, E s = E b (log 2 M) is the energy per symbol, E b is the energy per bit, and N 0 
is the level of single-sided power spectral density of white noise. The primary signals 
symbol error probability will increase to a degree that can be determined based on the 
number of phase states M in the particular implementation. 

[0028] Since an IP symbol is represented within a bright-to-dim transition of an ATM 
pulse, the number of IP symbols represented within a time interval of the combined 
ATM/IP signal is based the number of bright-to-dim transitions within the time interval. 
Thus, high levels of low frequency content in the ATM signal will reduce the rate of 
representing IP symbols. The G.983 standard includes precautions, such as bit 
scrambling to increase a clock recovery and to reduce the probability of pathological 
situations. Scrambling with normal ONT Management and Control Interface (OMCI) 
traffic and the inherent operation of the network acts to reduce the level of low frequency 
content. Using multiple levels of IP symbols enables data rates higher than the 
standardized 155 Mb/s and 622 Mb/s data rates. Traditional clock recovery techniques, 
which are independent of the primary ATM data signal, may be used for extracting the IP 
signal. 
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[0029] It will be apparent to those skilled in the art that the disclosed embodiments may 
be modified in numerous ways and may assume many embodiments other than the 
particular forms specifically set out and described herein. For example, upgrading the 
OLT 20 can comprise interposing the phase modulator 62 between an existing ATM OLT 
and the PON 34, where an optical phase modulator is used as the phase modulator 62. 
This is in contrast to the embodiment of FIG. 2 where the phase modulator 62 is part of 
the upgraded OLT 20. 

[0030] The above disclosed subject matter is to be considered illustrative, and not 
restrictive, and the appended claims are intended to cover all such modifications, 
enhancements, and other embodiments which fall within the true spirit and scope of the 
present invention. Thus, to the maximum extent allowed by law, the scope of the present 
invention is to be determined by the broadest permissible interpretation of the following 
claims and their equivalents, and shall not be restricted or limited by the foregoing 
detailed description. 
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